Abstract Endothelium-derived epoxyeicosatrienoic acids (EETs) are fatty acid epoxides that play an important role in the control of vascular tone in selected coronary, renal, carotid, cerebral and skeletal muscle arteries. Vasodilation due to endothelium-dependent smooth muscle hyperpolarization (EDH) has been suggested to involve EETs as a transferable endothelium-derived hyperpolarizing factor. However, this activity may also be due to EETs interacting with the components of other primary EDH-mediated vasodilator mechanisms. Indeed, the transfer of hyperpolarization initiated in the endothelium to the adjacent smooth muscle via gap junction connexins occurs separately or synergistically with the release of K + ions at discrete myoendothelial microdomain signalling sites. The net effects of such activity are smooth muscle hyperpolarization, closure of voltagedependent Ca 2+ channels, phospholipase C deactivation and vasodilation. The spatially localized and key components of the microdomain signalling complex are the inositol 1,4,5-trisphosphate receptor-mediated endoplasmic reticulum Ca 2+ store, Ca 2+ -activated K + (K Ca ), transient receptor potential (TRP) and inward-rectifying K + channels, gap junctions and the smooth muscle Na + /K + -ATPase. Of these, TRP channels and connexins are key endothelial effector targets modulated by EETs. In an integrated manner, endogenous EETs enhance extracellular Ca 2+ influx (thereby amplifying and prolonging K Ca -mediated endothelial hyperpolarization) and also facilitate the conduction of this hyperpolarization to spatially remote vessel regions. The contribution of EETs and the receptor and channel subtypes involved in EDH-related microdomain signalling, as a candidate for a universal EDH-mediated vasodilator mechanism, vary with vascular bed, species, development and disease and thus represent potentially selective targets for modulating specific artery function.
Introduction and consensus: a brief history
Endothelial cells underlie the key components of arterial contraction and relaxation and are thus essential for the control of vessel tone, blood flow and pressure [64, 175, 180] . The importance of the endothelium for vessel relaxation in response to the muscarinic agonist and neurotransmitter acetylcholine (ACh) was first demonstrated in studies of rabbit aorta [65, 104] , with the biosynthesis and release of nitric oxide (NO) later found to be the dominant endothelium-derived relaxing factor (EDRF) mechanism, at least in the conduit vessels [97, 109, 151 ]. An EDRF mechanism was also alluded to from the observations of Bolton and co-workers [15] , where the esterase-insensitive muscarinic agonist carbachol initiated hyperpolarization and relaxation of guinea pig mesenteric arterial smooth muscle through a process that also required an intact endothelium. Subsequently, endothelium-derived smooth muscle hyperpolarization (EDH) was found to be evoked by various agonists in different arteries, which ultimately led to the hypothesis of a role for an endothelium-derived hyperpolarizing factor (EDHF) [8, 9, 28, 56, 95, 191] . The net effects of EDH/EDHF activity are smooth muscle hyperpolarization, closure of voltage-dependent Ca 2+ channels, phospholipase C deactivation [102] and vasodilation [54, 55, 175] .
A number of molecular species, including epoxyeicosatrienoic acids (EETs; see Fig. 1 ), the endocannabinoid anandamide, K + ions, hydrogen peroxide (H 2 O 2 ), C-type natriuretic peptide (CNP), nitroxyl, hydrogen sulphide, adenosine and NO, have since been reported to act as EDHFs in particular arteries and states and under specific experimental conditions [3, 21, 25, 47, 94, 121, 131, 132, 143, 147, 164] , but none has emerged as a ubiquitous paracrine regulator of smooth muscle membrane potential and vascular tone. Indeed, the relevance of H 2 O 2 as a transferable EDHF has been questioned in murine mesenteric and femoral arteries ( [153] and [125] , respectively), human mesenteric artery [24] , rat saphenous and femoral arteries ( [169] and [118] , respectively) and in rabbit iliac artery [46, 70] (see also [51, 168, 196] for review). However, notably, in coronary artery disease [139] , H 2 O 2 has been suggested to compensate for the lack of NO-mediated vasodilator activity and thus, in some vascular beds, may act in an apparent EDH manner in disease. Of note, in rabbit iliac artery, applied H 2 O 2 (threshold, 10-30 μM) or selective elevation in endothelium-generated H 2 O 2 potentiates EDH-type relaxation in a manner consistent with the ability of this reactive oxygen species (ROS) to promote Ca 2+ mobilization from endothelial endoplasmic reticulum (ER) stores, thereby enhancing Ca 2+ -activated K + channel (K Ca )-mediated hyperpolarization that conducts to the smooth muscle via gap junctions [45, 46, 70] . In addition, H 2 O 2 can modulate intercellular communication directly by altering connexin (Cx) oxidation/phosphorylation status, with specific implications for gap junction-dependent EDH activity (see [34, 168] for review). In these examples, rather than mediating smooth muscle hyperpolarization directly, H 2 O 2 interacts with the integral components of EDH signalling, which can thus account for its apparent role in such activity. Of interest, anandamide [156] and CNP [69, 134, 176] have been subsequently shown not to act as EDHFs.
Consensus on the nature of EDH/EDHF involves its generation and release from the endothelium and transfer across the internal elastic lamina (IEL; and/or via holes therein) to the effector smooth muscle, independent of NO and prostanoids, as electrical and/or metabolic transfer. A ubiquitous initiating step in this activity is an elevation in endothelial [Ca 2+ ] i , followed by hyperpolarization of the endothelium [34] . Endothelial hyperpolarization can be evoked by both mechanical and chemical stimuli, such as fluid shear stress, agonists and sarcoendoplasmic reticulum Ca 2+ -ATPase (SERCA) inhibitors, and is mediated by the opening of small and intermediate (and, in some cases, large)-conductance, K Ca channels, designated as SK Ca (K Ca 2.3, SK3; SK Ca 3; KCNN3), IK Ca (K Ca 3.1, SK4, K Ca 4, IK1, KCNN4) and BK Ca (K Ca 1.1, Slo1/MaxiK, KCNMA1), respectively, which are selectively blocked by apamin, TRAM and iberiotoxin, respectively [34, 44, 46, 77, 149, 211] .
Further integral components of EDH-mediated signalling involve K Ca -linked inositol 1,4,5-trisphosphate receptor (IP 3 R)-mediated ER Ca 2+ store, inwardly rectifying K + (K ir ) and transient receptor potential (TRP) channels and smooth muscle Na + /K + -ATPase activity [54, 174] ; and the distribution and activity of these components show both similarities and differences between vessels and vessel states. In many vascular beds, intercellular communication via gap junctions underpins the spread of hyperpolarization between endothelial and sub-intimal smooth muscle cells (i.e. through myoendothelial gap junctions; [34, 55, 174] for review). Notably, a critical role for EETs in the control of vasodilator tone is intimately linked with the regulation of endothelial Ca 2+ homeostasis, endothelial hyperpolarization and gap junctional communication [61, 160, 209] . However, such activity is in general distinct from a direct role for EETs as a putative transferable EDHF.
The aim of this review is to propose a universally general microdomain signalling mechanism as the basis for EDH- Fig. 1 Mechanisms of epoxyeicosatrienoic acid (EET) synthesis and transferable endothelium-derived hyperpolarizing factor (EDHF) action. Endothelial stimulus can result in arachidonic acid (AA) and other lipid substrate-mediated cytochrome P450 (CYP)-dependent synthesis and release of EETs, which are transferred across the internal elastic lamina (IEL) where they induce smooth muscle hyperpolarization directly and potentially via large conductance Ca 2+ -activated K + channels (BK Ca ) and/or an EETs-receptor(R)-mediated mechanism. In specific vessels, EETs activate smooth muscle (SMC) vanilloid type 4 transient receptor potential channels (TRPV4) to induce Ca 2+ influx that in turn activates sarcoplasmic reticulum (SR) ryanodine receptors (RyRs) to induce spatially localized Ca 2+ sparks, thereby initiating hyperpolarizing BK Ca activity, or, alternatively, via binding to the putative EET(R) which induces BK Ca activity via a potential Gαs coupled mechanism. ER endoplasmic reticulum, IP 3 inositol 1,4,5-trisphosphate, PLA 2 phospholipase A 2 , PLC phospholipase C mediated vasodilation and to clarify how the role of EETs links with this mechanism. The hypotheses examined are that EDH/EDHF activity is due to the electrical and/or metabolic transfer of current and localized K + ion activity at myoendothelial microdomain sites and that in specific vascular beds EETs modulate components of the microdomain signalling complex.
Connexins, gap junctions and their regulation
Connexins (Cxs) are the protein monomer constituents of gap junctions, and their activity is modulated by multiple mechanisms [82, 106, 150, 187, 212] that include several signalling molecules and pathways common to those involved in the highly localized myoendothelial microdomain signalling that underlies EDH-mediated relaxation in specific arteries (see comparative reviews of [54, 55, 82, 106, 150, 175, 187, 212] The primary role of gap junctions is the direct and selective intercellular transfer of current and selected metabolites and signalling molecules [82, 106, 150, 187, 212] . In the membranes of adjacent cells, six individual Cxs form a connexon (hexamer) hemichannel with a central pore. These connexons can then dock to form a low-resistance channel that directly couples neighbouring cells (Fig. 2) to facilitate chemical (up to~1 kDa) and electrical continuity [82, 106, 150, 187, 212] . Notably, the various Cx subtypes expressed in the vessel wall (see below) are not universally compatible with one another in forming connexons, nor the subsequent intercellular channels [82, 106, 150, 187, 212] . Given that the homotypic gap junction channels have distinct conductance and gating properties depending on the single Cx subtype from which they are constructed [34, 82, 87, 106, 150, 187, 212] , those Cxs that do connect (i.e. to form heterotypic or heteromeric channels) may confer significant functional plasticity. Connexons that consist of a single or a mixture of two types of Cx are termed homomeric and heteromeric, respectively. In turn, homomeric and heteromeric connexons can dock to form homotypic and heterotypic gap junctions (of the same and different homomeric connexons only, respectively), or a mixture of two heteromeric connexons to form a heteromeric gap junction. These potentially numerous permutations in gap junction Cx composition can therefore confer highly diverse biophysical properties and thus have significant implications for function [82, 212] .
In the arteries, Cxs 37, 40, 43 and, to a lesser extent, 45 are expressed, albeit with a specific and often differential distribution and expression within and between junctions, arteries, species, development, ageing and disease [34, 87, 106] . Modulation of the interdependent mechanisms that underlie Cx activity is a significant factor in the plasticity of functional mechanisms in arteries [106] . Gap junction Cx activity, as charge and size selectivity, pore conductance and chemical and voltage gating, is regulated at a number of levels by short-and long-term effects [82, 87, 187, 212] . Short-term effects include regulation via post-translational modifications such as phosphorylation, nitrosylation, glycosylation and S-glutathionylation at single and multiple sites depending on the Cx and conditions ( [189, 190] , for examples; see also [82, 106, 187, 212] ). Longer-term effects Fig. 2 Interaction of epoxyeicosatrienoic acids (EETs) with myoendothelial microdomain signalling complex components. Distinct from a transferable hyperpolarizing factor, endothelial EETs can interact with key EDH signalling components associated with myoendothelial close contact sites (MECCs) that form myoendothelial microdomain signalling complexes integral to EDH activity. EET-mediated activation of TRP channel subtypes located on the endothelium, such as TRP canonical type 3 and TRP vanilloid type 4 (TRPC3 and TRPV4, respectively), can increase endothelial intermediate and small conductance Ca 2+ -activated K + channel (I/SK Ca ) activity to induce endothelial hyperpolarization (hyp) that is conducted to the SMC via gap junctions, thereby inducing vasodilation. Efflux of K + following endothelial S/IK Ca activation (and in some cases K ir ) stimulates the smooth muscle Na + /K + -ATPase to promote SMC hyperpolarization. Additionally, endothelial EETs can promote the longitudinal spread of endothelial hyperpolarization over distance by enhancing gap junction Cx activity via a cAMP/PKA-dependent mechanism. AC adenylyl cyclase, cAMP cyclic adenosine monophosphate, EC endothelial cell, ER endoplasmic reticulum, IEL internal elastic lamina, MEGJ myoendothelial gap junction, PKA protein kinase A include those associated with gene expression and protein synthesis and gap junction formation, involving trafficking, hexamerization and membrane insertion, with the latter processes occurring with a half-life of 1-3 h [82, 87, 106, 212] .
Related to a number of the above mechanisms and dependent on the specific kinase and phosphorylation site, Cxs are differentially modulated [82, 87, 106, 150] . For example, phosphorylation via protein kinase C reduces Cx40 and Cx43 gap junctional coupling, whilst phosphorylation of these Cxs via cAMP-dependent protein kinase (PKA), protein kinase B (Akt) and mitogen-activated protein kinase enhances such coupling ([5, 167, 190, 201] ; also see [106] for review). In addition, differential modulation of Cx activity can also occur via changes in pH ( [82, 187] [110, 119] ; see also [198] for review).
Gap junctions and the transfer of endothelial hyperpolarization
In addition to the physical and metabolic coupling of vascular endothelial and smooth muscle cells, myoendothelial gap junctions facilitate the direct transfer of current between these cell layers and underlie a key aspect of EDHmediated relaxation ([34, 55, 174] for review). In a syncytial manner, current transfer can further spread via radial and longitudinal homocellular smooth muscle and endothelial gap junctions [27, 78, 177, 213] , where it is critical for the coordination of conducted signals over distance ([34, 89, 210] for review; Fig. 2 ).
For electrical signalling at myoendothelial gap junctions, individual projections between endothelial and smooth muscle cells may have single or multiple gap junction plaques with single or multiple Cx subtypes, which would thus confer significant potential functional plasticity for these sites. Anatomically, myoendothelial gap junctions have been demonstrated with electron microscopy in several vascular beds (summarized in Table 1 in [174] ). The specific Cx/s at these junctions has/have also been demonstrated with immunoelectron and confocal microscopy in a more limited number of beds (per below). In addition, in arteries from humans, rabbits and rodents, the anatomical composition of the Cx subtype/s at these gap junctions has also been inferred via the use of synthetic 'Cx-mimetic' (or 'gap') peptides. These peptides target Cx-specific variations in 13 and 11 amino acid sequences located within the first and second extracellular loops (Gap26 and Gap27 domains, respectively) of the Cx protein ([26, 207] ; for review, see [34, 52] ) and are reported to block the docking of Cxs in adjacent cells and thereby prevent intercellular gap junctional communication in an apparently Cx-specific manner ([34, 55] for review).
The role of gap junctions in EDH-mediated relaxation has been inferred by correlative anatomical and functional studies involving the use of confocal and ultrastructural observations, membrane potential recording from dye-identified endothelial and/or smooth muscle cells and the use of tracer dyes and Cx-mimetic peptides as well as other putative gap junction targeted agents (see Section "Agonist-evoked, EETmediated activation of TRPC"), combined with additional pharmacological intervention ([34, 55] for review). For example, the presence and absence of myoendothelial gap junctions corresponds with the patency of EDH to be transferred to the smooth muscle, or not, in the rat mesenteric and saphenous arteries, respectively [177] . Furthermore, Cxmimetic peptides typically attenuate EDH-mediated vasodilator activity ([34, 55] for review). In the arteries from subcutaneous fat of pregnant patients, for example, Cxmimetic peptides and ultrastructural data suggest that EDH in this vessel is dependent on Cx43 myoendothelial gap junctions that arise from endothelial or smooth musclederived projections [115, 124] , with similar peptide data supporting the presence of Cxs37 and/or 43 at myoendothelial gap junctions of rat intrapulmonary arteries [12] . In addition, following selective loading of the endothelium with hydrophilic tracer dyes, such as calcein and carboxyfluorescein-AM, dye transfer to the smooth muscle is attenuated by putative gap junction block with Cx-mimetic peptides [12, 78] and the licorice derivatives, carbenoxolone and 18α-glycyrrhetinic acid [108] , supporting the dependency of the EDH on myoendothelial gap junctional coupling.
The expression of specific Cx subtype/s at the myoendothelial gap junctions and the properties of the related endothelial and/or smooth muscle cell projection show both similarities and differences between arteries and species. In the mesenteric artery from humans, the endothelial or smooth muscle cellderived projections (at a density of~1.5:1, respectively) have Cx40 gap junctions that are coupling the two cell layers [24] . Comparatively, in the mesenteric artery of the rat and exclusively on endothelial cell-derived projections, the gap junctions consist of Cxs37 and 40 (with Cx43 being absent) [98, 130, 172, 173, 177] , with myoendothelial gap junctions in the rat caudal cerebellar artery (as the asymmetric branch of the basilar artery) having the same Cx composition as the rat mesenteric artery [80] . This diversity in Cx distribution is also reflected between species and vascular beds, with myoendothelial gap junctions in the murine cremaster arteriole being likely to consist of Cxs37, 40 and 43 [98] .
Notably, in addition to myoendothelial gap junction block, EDH and dye coupling can be attenuated by inhibitors of adenylyl cyclase (AC) and PKA, whereas cAMP phosphodiesterase inhibitors (which increase the bioavailability of endogenous cAMP by preventing nucleotide hydrolysis) enhance conducted smooth muscle hyperpolarization in regions longitudinally remote from the site of focal endothelial stimulation ( [78] ; for review, see [76] ). These data suggest that elevations in cAMP play a permissive role in the relay of endothelial hyperpolarization into and through the media [34, 78, 133, 194] . Indeed, two of the primary vascular Cxs (40 and 43) have been reported to be direct targets of cAMP/PKA-mediated phosphorylation via a mechanism that serves to not only result in a transient-enhanced conductance of pre-formed in situ gap junctions but also to promote the rapid assembly of connexons and their recruitment to the plasmalemma where they are incorporated into the preexisting plaques [34, 114, 160, 185, 195] .
Myoendothelial microdomain signalling and EDH
The precise role of myoendothelial gap junctions as the basis for contact-mediated EDH is potentially confounded by the anatomical demonstration of morphologically distinct close contacts of less than or equal to~20 nm between the endothelium and smooth muscle. Such myoendothelial close contacts (MECCs) are apparently devoid of the pentalaminar appearance that is a feature of gap junction plaques, with methodological limitations being a potential contributing factor for this observation (see discussion in [174] ). Based on ultrastructural data, MECCs are a characteristic feature of arteries from all primary animal models and humans and facilitate physical and metabolic, but not necessarily, electrical coupling. The precise morphology of the projections on which MECCs occur is artery-specific and can also differ in any given artery (see Figure 2 in [174] for example) and depending on the artery, projections can be~50 to 200 nm in diameter and~0.2 to 1.5 μm in length and pass through the IEL. Endothelial projections with a bulbous 'mushroom'-shaped end and, hence, have a large surface area to volume ratio, are typically associated with MECCs ( Fig. 2 ), but such contacts can also occur on projections from the smooth muscle as well as on projections from both endothelial and smooth muscle cells (summarized in Table 1 in [174] ). Indeed, the morphological diversity of MECC-related projections, such as surface area and organelle content, may be associated with specific, although as yet, uncharacterized function.
Myoendothelial gap junctions and their associated MECCs are dynamic in nature, with the mechanisms underlying their formation and degradation being alluded to from a number of studies, supporting their involvement in vascular function in health, disease, development and differentiation. For example, in vascular disease, the patency of such sites can be altered in a vascular bed-specific manner. In the saphenous and mesenteric arteries of control and dietinduced obese hypertensive rats, myoendothelial gap junction presence and activity are upregulated and unchanged in these two beds, respectively [23, 81] , whilst in control juvenile rat saphenous artery, myoendothelial gap junctions are numerous, but are absent in adult [169] . These observations are also reflected in artificial co-culture systems, such as in murine aortic endothelial and smooth muscle cells where MECCs are numerous [99, 101] , and are present in the intact aorta of juvenile but absent in mature rodents [171] . In the murine aortic co-culture model, MECC formation is dependent on plasminogen activator inhibitor-1 action, where it is implicated in the formation of cell processes and the regulation of matrix patency as a potential target for therapy [85] .
The endothelial cell modulation of smooth muscle cell phenotype (and vice versa) has also been alluded to from vascular co-culture models of artery function, where it has been suggested to be intimately involved in differentiation, development and disease (e.g. in bovine, human and porcine aorta and porcine carotid artery [162, 206] ; see also [66] for review). However, few studies have examined a role for gap junctions in this response. In bovine aortic co-culture, close contact sites between endothelial and smooth muscle cells were described by Saunders and D'Amore [178] and were suggested to be involved in the regulation of vascular growth and function. Apparent heterocellular gap junctions between these co-cultured bovine aortic cells were first demonstrated by Fillinger et al. [58] , with a speculated role consistent with Saunders and D'Amore [178] . This concept was supported by Jacot and Wong [103] with endothelium-mediated platelet-derived growth factor-smooth muscle action being suggested to be due to such junctions. In a similar manner, in co-cultured rat pulmonary artery-derived endothelial and smooth muscle cells, projections from either or both cells have Cx43 myoendothelial gap junctions (and potentially, the other pulmonary artery Cxs37 and 40) [12, 111] . These sites are suggested to facilitate endothelium-mediated 5-hydroxytryptamine (serotonin) transfer to the smooth muscle, which initiates, in part, transforming growth factor-β1-dependent smooth muscle cell differentiation to induce medial thickening in vascular disease [67] . Similar contacts between co-cultured human umbilical cord vein endothelial (HUVECs) and smooth muscle cells apparently facilitate bidirectional cross-talk to sense hemodynamic forces such as shear stress and to modulate adhesion molecule expression [31, 32] .
In light of the above discussion and given the structure and location of the projections associated with MECCs and myoendothelial gap junctions, a potential mechanosensing role is possible for these sites in intact arteries. Indeed, a mechanosensory role for TRP and IK Ca channels has been demonstrated in vascular cells ([38, 84, 88, 112] ; and for review, [217] ), and these channels are localized to a proportion of myoendothelial microdomain signalling sites in intact arteries ([4, 40, 100, 179, 186] ; and for review, [174] ), thus supporting such a proposition.
From a historical perspective, Moore and Ruska [141] , Fawcett [53] and Rhodin [165] speculated that the endothelium plays an integral role in the control of vessel tone via the activity of MECCs. However, a definitive link between the control of tone and MECCs has not been established; although if it is assumed that gap junctions are present at such sites, they may be the basis for a universal contact-mediated EDH mechanism. Regardless, the presence of gap junctions at vascular MECCs was not established until 15 years after Rhodin [165] , being first demonstrated by Spagnoli and coworkers (in rabbit carotid artery; [188] ) and Taugner and coworkers (in renal arteries of the mouse and tree shrew; [193] ), with the latter group suggesting different functional roles for MECCs derived from anatomically distinct projections, including humoral and electrical coupling and tensionsensing. Notably, like the myoendothelial gap junction incidence ( [168] for review; see also [23, 169] ), the density of MECCs has been suggested to increase with decreased vessel size [113, 166, 193] , with the increased myoendothelial gap junction density having been suggested to reflect the general relative and increased contribution of EDH to endothelium-dependent relaxation in smaller over larger diameter vessels [10, 90, 181] . Thus, these observations are consistent with the potential MECC and myoendothelial gap junction involvement in a universal basic EDH mechanism and reflect a key aspect of a hypothesis of the present review (Fig. 2) .
The ultrastructural morphology of MECCs (summarized in Table 1 and Figures 1-4 in [174] ) reflects the basic structure of well-characterized myoendothelial microdomain signalling sites, such as those at a proportion of IEL holes in murine and rat mesenteric arteries [36, 50, 81, 117, 173, 179, 186] , with some evidence for their role in such activity in the human mesenteric artery [23] . In murine and rat mesenteric arteries, there is a close spatial localization of an IP 3 R-ER Ca 2+ store and K Ca , TRP and K ir and gap junction Cx channels, and the smooth muscle Na Figure 3 in [179] ). Such sites facilitate the synergistic and/or separate transfer of current and localized K + signalling that underlies EDH activity (Fig. 2) , as presently characterized in several vascular beds.
The variation in the structure of channels, receptors and accessory proteins is a significant factor for their activity and consequently, artery function [54, 55, 91]. The significant heterogeneity in EDH mechanisms and associated vessel function within and between arteries, species, development, ageing and disease [54, 55] could in theory be due to variable and differential expression, distribution and activity of the above-mentioned channel and receptor subtypes at the localized myoendothelial microdomain signalling sites. Furthermore, given the critical nature of stromal-interacting molecule 1 and 2 accessory proteins as an ER membrane Ca 2+ sensor and Orai 1-3 store-operated Ca 2+ influx channel protein subunits in modulating the selected TRP channel function, including TRP canonical type 3 (TRPC3 [1, 73, 142] ; see also [152, 183] for review), such proteins are likely to play a significant role in myoendothelial microdomain signalling. Similarly, a role for the different forms of EDH signalling proteins, such as monomeric and heteromultimeric forms and splice variants, and their mechanisms of activation and suppression [11, 93, 138, 148, 197, 205, 208, 215] , may also be critical at such localized sites.
Notably, in human, murine and rat mesenteric arteries, in murine and rat cremaster arteries and in porcine coronary and rat middle cerebral arteries, 
Intrinsic regulation of endothelial function by EETs
A role for EETs in EDH-mediated activity was first demonstrated by Campbell et al. [21] . In response to various physiological stimuli, including shear and cyclic stretch, as well as experimental agonists, such as bradykinin and ACh, endothelial cells variably synthesize four EET regioisomers (5,6-EET, 8,9-EET, 11,12-EET and 14,15-EET) predominantly via the CYP 2C and 2J isoenzymes from various lipid substrates that include arachidonic, linoleic, eicosapentaenoic and docosahexaenoic acids (Fig. 1) [20, 60] . Bioavailability is determined primarily by cyclooxygenases (COX; selectively for 5,6-EET) and soluble epoxide hydrolases (sEH; for all EET regioisomers), which metabolise EETs into prostanoids and corresponding dihydroxyeicosatrienoic acid regioisomers, respectively [20, 123] .
Studies specifically designed to examine the potential transferable smooth muscle actions of endothelial EETs (and thereby clarify their role as EDHFs) have often employed tandem bioassays involving serial perfusion or effluent cascade in which agonist-mediated stimuli results in an endothelium-intact 'donor' artery evoking hyperpolarization and dilation of a downstream/isolated endotheliumdenuded 'detector' artery, as evidenced in bovine and porcine coronary arteries and human coronary arterioles [21, 72, 116, 159] . Similar methodological approaches have also led to the proposal that EETs, as EDHFs, are produced and released in response to elevations in shear stress in murine and rat gracilis muscle arterioles (for example in [94] ).
However, given that smooth muscle BK Ca activation is thought to underpin the EDHF-type activity of EETs (Fig. 1) and that bradykinin-evoked, EET-mediated smooth muscle hyperpolarization is unaffected by iberiotoxin alone in the isolated intact porcine coronary artery [211] , the physiological relevance of EETs as a transferable EDHF is questionable in specific vascular beds (see [20] for review). Indeed, in the porcine coronary artery, applied 11,12-EET mimics the effect of bradykinin by evoking an SK Ca -and IK Ca -dependent endothelial hyperpolarization, which is consistent with the suggestion that endogenous EETs evoke [211] an endothelial hyperpolarization that conducts to the media via myoendothelial gap junctions [7] . Nevertheless, in selected arteries, EDH-type responses are attenuated to a similar extent by either iberiotoxin or inhibitors of CYPs, thereby collectively supporting a physiological role for EETs as a transferable EDHF and/or in modulating endothelial function directly in specific vascular beds ([20] for review). Notably, BK Ca has only rarely been described in the intact artery endothelium [170] . In addition, the idea that eicosanoids modulate endothelial function and facilitate vasodilation is supported by observations in a number of arteries, including rat caudal and mesenteric [22, 138] , rabbit mesenteric and iliac [62, 194] , murine mesenteric [43] and porcine coronary and pulmonary arteries [49, 63] , where responses to applied EETs are attenuated or abolished by endothelial removal.
Shear stress-evoked, EET-mediated activation of transient receptor potential vanilloid 4 (TRPV4) channels
Evidence that EETs modulate endothelial function directly [75] preceded the first demonstration of their apparent role in endothelium-dependent vasodilation as an EDHF [21] . Treatment of cultured endothelial cells from bovine coronary artery, human umbilical cord and porcine aorta with applied 5,6-EET or 11,12-EET evokes a cyclooxygenase-independent influx of extracellular Ca 2+ and subsequent hyperpolarization [75, 92] , with 5,6-EET stimulating an extracellular Ca 2+ influx through TRPV4 in isolated murine aortic endothelial cells [209] . Eicosanoid-mediated activation of TRPV4 (Fig. 2) appears to occur in a regioisomer-specific manner, with 5,6-EET and (to a lesser extent) 8,9-EET promoting activity and 14,15-EET being ineffective [202, 209] ; whereas activation by 11,12-EET may be tissue-specific, since this regioisomer promotes activity in the murine mesenteric circulation, but fails to activate TRPV4 in isolated murine aortic endothelial cells [43, 186, 202, 209] .
The activation of endothelial TRPV4 may be a particularly important mechanism for fluid shear stress (flow)-mediated vasodilation [17, 112, 123, 137] , which is arguably the most significant mode of endothelial stimulation in vivo (in the intact vasculature). In murine carotid arteries, for example, flow-induced EDH-type dilation is attenuated either by the CYP inhibitor N-methylsulfonyl-6-(2-propargyloxyphenyl) hexanamide (MS-PPOH) or the non-selective TRP channel blocker ruthenium red, with no further inhibition evoked following the administration of these agents in combination. However, in TRPV4-deficient mice, EDH-type relaxations are selectively diminished and unaffected by MS-PPOH, leading to the proposal that the shear-induced activation of endothelial TRPV4 requires intermediary signalling by EETs [123] . A support for this scenario is suggested from HUVEC studies, where TRPV4 is retained within perinuclear regions when cells are maintained under static conditions and translocated to regions of the plasmalemma during flow adaptation (12-dyn/cm 2 for 24 h), which induces CYP expression and offsets the rapid decrease in epoxygenase levels that follows cell isolation [59, 123] . Notably, immunohistochemical approaches have demonstrated that TRPV4 is absent from the media of the murine carotid artery [123] , with the action of endogenous EETs in this vessel therefore being endothelial and thus distinct from a putative EDHF. In murine mesenteric resistance arteries (in which TRPV4 is expressed in both the endothelium and media), however, 11,12-EET induces both endothelium-dependent and -independent hyperpolarization and relaxation (with each component contributing~50 % to the total dilator response) through apamin+TRAM-and iberiotoxin-sensitive mechanisms, respectively [43] . Collectively, these observations are indicative of heterogeneous and differential TRPV4 distribution and function between different vascular regions [43, 123] , and the relative physiological importance of endothelial EETs action could, at least in part, depend on the distribution of TRP channels in the vessel wall as well as the vascular region under study.
Based on data from several studies, EETs may also play a role in shear-evoked, TRPV4-dependent dilation in the human coronary microcirculation where TRPV4-dependent synthesis and release of mitochondrial-derived H 2 O 2 (which then activates smooth muscle BK Ca channels) underpin flowinduced arteriolar dilation [17, 121, 139, 218] , responses that are nevertheless also attenuated by CYP inhibitors [140] . However, although recently suggested in the human coronary vasculature [37], whether EETs are required for flow-induced TRPV4 activation (or endothelial TRP channel activity in general) requires further clarification. Indeed, arachidonic acid may directly activate endothelial TRPV4 to induce EDHmediated dilation in intact human coronary arterioles, although, in contrast to EETs [75, 92] , this effect requires prior endothelial hyperpolarization [220] . Notably, exogenous EETs are less potent than exogenous arachidonic acid in activating TRPV4 in these vessels, and the ability of the putative CYP inhibitors 17-octadecyanoic acid (17-ODYA) and MS-PPOH to attenuate arachidonic acid-induced Ca 2+ entry and dilation does not reflect reductions in EET biosynthesis, which is collectively suggestive of a novel mechanism of TRPV4 activation [220] . In the light of these findings, endogenous arachidonic acid could, in theory, facilitate EET-dependent, TRPV4-mediated Ca 2+ entry by sustaining channel activity at more negative potentials. The physiological significance of this mechanism does, however, require further clarification because the ability of miconazole to attenuate flow-induced dilation in the human coronary microcirculation [140] could potentially reflect antagonist activity, rather than CYP inhibition [29] , as suggested for the above inhibitors [220] .
In large arteries (in which the contribution of EDH is generally, but not universally, minimal), similar mechanisms may also underlie flow-induced NO synthesis. In rat middle cerebral and cremaster arteries, for example, shear-evoked, NO-dependent dilation is attenuated either by ruthenium red or following inhibition of phospholipase A 2 (PLA 2 ) thereby preventing the formation of endogenous arachidonic acid [112] . In pressurised rat middle cerebral arteries, a PLA 2 -dependent mechanism also underlies the ruthenium redsensitive elevation in endothelial Ca 2+ following lumenal delivery of the purinergic receptor agonist uridine triphosphate [128] , suggesting that the dilator action of specific agonists may also require an increase in TRPV4 activity. Indeed, in murine mesenteric resistance arteries, increased TRPV4 activity may also be required for ACh-induced relaxation, as suggested by the decreased response to this agonist in TRPV4-knockout mice [43, 219] .
The variability in endothelium-dependent relaxation to applied EETs between different vascular beds is reflected by the differential contribution and blocking of NO synthesis and SK Ca and IK Ca as well as by agents that are reported to prevent gap junction function [34, 43, 63, 86, 96, 194] . These data collectively suggest a potential general property in vascular beds in which EET-mediated EDH activity occurs. Notably however, EET-mediated TRPV4 activation is unlikely to be a universal mechanism underlying flowinduced dilation, as NO-independent dilation in rat small coronary artery is unaffected by 17-ODYA [200] . Furthermore, co-transfection studies of human embryonic kidney (HEK 293) cells have demonstrated that TRPV4 can form heteromeric channel complexes with TRPC1 proteins, which prolongs extracellular Ca 2+ influx relative to homotypic TRPV4 channels [127] . However, it remains to be determined if these channels are present in native/intact arterial endothelial cells and whether EETs influence the gating of such channels.
Agonist-evoked, EET-mediated activation of TRPC
A further autocrine action of endothelium-derived EETs involves their activation of TRPC channels in endothelial cells (Fig. 2) . For example, the bradykinin-evoked sustained increase in [Ca 2+ ] i in HUVECs, as well as in these cells overexpressing CYP 2C9, is enhanced following the administration of the sEH inhibitor 1-adamantyl-3-cyclohexylurea, which prolongs K Ca -dependent hyperpolarization in a manner that is reversed by the selective CYP 2C9 inhibitor sulfaphenazole [61] . In the same manner, in CYP 2C9-overexpressing HUVECs, bradykinin and 11,12-EET (but not 14,15-EET) induce rapid (within 30 s) translocation of either TRPC3 or TRPC6 channels from perinuclear regions to caveolin-1-rich plasmalemmal domains through a mechanism that is prevented by RpcAMPs (a PKA inhibitor), the EET antagonist 14,15-epoxyeicosa-5(Z)-enoic acid (14,15-EE5ZE) and ruthenium red [61] . By contrast, neither shear stress nor 5,6-EET activate TRPC6, leading to the proposal that the mode of endothelial stimulation as well as the predominant endogenous regioisomers produced in any given artery are likely to be a prerequisite for which TRP channels are activated [123] .
The ability of agonists to activate TRPC channels via the formation of EETs is consistent with findings in porcine coronary artery. In this scenario, EETs facilitate bradykininmediated activation of endothelial SK Ca and IK Ca , which subsequently induces hyperpolarization that conducts to the media via gap junctions [211] . Indeed, this particular action of EETs masks their ability to induce iberiotoxin-sensitive smooth muscle hyperpolarization (i.e. their EDHF action), which is only apparent in preparations incubated continuously with apamin and TRAM [211] , suggesting that in some cases local autocrine actions of EETs are more efficacious than their classic 'EDHF'-type role, as suggested above. Considering these observations, the conclusion drawn from a number of studies using tandem bioassays (i.e. that EETs are transferable EDHFs; see also Section "Intrinsic regulation of endothelial function by EETs") is debatable, given that the donor endothelium and detector smooth muscle are electrically uncoupled in such experimental setups. Notably, the formation of EETs in porcine coronary artery does not require an initiating endothelial hyperpolarization per se, since iberiotoxin-sensitive smooth muscle hyperpolarization persists in the continuous presence of SK Ca and IK Ca blockers [211] , which is consistent with the earlier demonstration that the increased CYP activity that follows the administration of agonists or SERCA inhibitors is intimately linked to depletion of IP 3 -sensitive intracellular Ca 2+ stores (Fig. 1) ; with hyperpolarization occurring secondarily [92] . By contrast, 11,12-EET does not affect endothelial Ca 2+ in rat cremaster arteries even when administered at supraphysiological concentrations (10 μM) [136] , yet still causes vasodilation, although in some cases fails to do so, even in preparations with an intact endothelium [96, 194] .
A potential limitation for the ability of endotheliumderived EETs to promote smooth muscle hyperpolarization via their autocrine actions may be the extent of gap junctional coupling. In healthy rat mesenteric resistance arteries, relaxation to 11,12-EET is abolished by iberiotoxin and is unaffected following the removal of the endothelium, whereas in the same vessels from CCl 4 -induced cirrhotic rats (in which endothelial Cx40 and 43 mRNA and protein expression are apparently selectively elevated), relaxation is markedly enhanced. This latter response has an additional endothelium-dependent, 18α-glycyrrhetinic acid-sensitive component that masks the inhibitory action of iberiotoxin [14] . Physiologically, in rat mesenteric artery, EDH-type relaxation to ACh in healthy rats is insensitive to miconazole (which acts as a non-selective EET antagonist and CYP blocker) [29] but is attenuated by 18α-glycyrrhetinic acid [35, 48, 90, 130] , whereas in cirrhotic rats, relaxation to ACh is enhanced, with miconazole and 18α-glycyrrhetinic acid showing similar efficacy in attenuating relaxation [14] . Collectively, these findings suggest that the gap junctional coupling may be required for the autocrine actions of EETs to modulate vessel tone. In support of this interpretation, arachidonic acid-and bradykinin-evoked EDH-type relaxation in rat renal microvessels (in which Cxs37, 40 and 43 are expressed in the endothelium) [16] are abolished following treatment with either miconazole, MS-PPOH, apamin or 18α-glycyrrhetinic acid [199] . Notably, however, a caveat to this and similar studies that use licorice derivatives 18α/β-glycyrrhetinic acid and carbenoxolone to examine vascular gap junction effects is that these agents have significant nongap junctional effects [6, 33, 79, 83, 129, 192] .
EETs, cAMP and gap junctional communication
As alluded to the above discussion, in addition to promoting endothelial hyperpolarization, EETs may also play a permissive role in electrotonic conduction via gap junctions. In cultured porcine coronary artery endothelial cells, bradykinin exerts a biphasic effect on electrical and Lucifer yellow dye coupling, consisting of an initial rapid increase followed by a sustained decrease [160] . The initial phase in coupling is prevented by selective CYP2C9 block with sulphaphenazole, but not with apamin and charybdotoxin (respective SK Ca and I/BK Ca block), which is indicative of a hyperpolarizationindependent increase in epoxygenase activity, and is mimicked by applied 11,12-EET [160] . In a similar manner to the modulation of gap junction Cxs described above, bradykininenhanced coupling is prevented by inhibitors of AC and PKA, while the AC activator forskolin enhances coupling and is associated with a time-dependent recruitment of Cx43 to membrane [160] , thus confirming the role of a cAMPdependent mechanism (Fig. 2) . By contrast, the subsequent sustained decrease in coupling is mediated by extracellularregulated kinases (ERK1/2) which do not require EETs or K Ca channel activation [160] .
Notably, the vascular endothelium facilitates the longitudinal propagation of membrane potential changes in vessels over distance ([7, 89, 184] for review) and also promotes the radial spread of endothelial hyperpolarization into the media. Indeed, given that gap junction plaques between neighbouring endothelial cells are larger (per Fig. 2 ) than myoendothelial and homocellular smooth muscle plaques and that the endothelium behaves as a low-resistance 'current sink' [7, 76] , the ability of EETs to promote interendothelial coupling is thus consistent with their having an integral role in the coordination of vasomotor responses and control of tone. Although a role for EETs in modulating radial coupling via myoendothelial gap junctions has not yet been confirmed, their ability to activate AC and increase cAMP is consistent with the findings that this nucleotide plays a permissive role in gap junction-dependent vasodilation in response to agonists and SERCA inhibitors (see Section "Connexins, gap junctions and their regulation"). Notably, all four EET regioisomers at physiological concentrations elevate cAMP levels in endothelial cells, at least in the preparations from the human saphenous vein and bovine aorta [146] .
The EET receptor and intracellular EET binding sites
The involvement of a putative EET receptor in the control of vasodilator tone is generally accepted, but the receptor itself has not yet been formally identified (for review, see [155] ). However, the existence of such a receptor and its involvement in the control of tone has been alluded to by several studies. Analogues of 14,15-EET demonstrate particular structural and stereoisomeric features required for EETs-mediated vasodilator activity, as well as for antagonist activity, thereby indicating a highly selective binding site(s) (for detail, see [20] ). In addition, the ability of the cell-impermeable EET antagonist, 14,15-epoxyeicosa-5(Z)-enoic acid methylsulfonylimide (14,15-EE5ZE-mSl), to attenuate 5,6-EET-and 14,15-EET-mediated vessel relaxation is consistent with EETs' interaction with a cell surface protein [71, 211] . Furthermore, in a number of tissues, EETs-mediated BK Ca activation requires guanine triphosphate (GTP)-dependent ADP-ribosylation of G αs proteins (Fig. 1) ; and the involvement of a G αs -coupled mechanism is consistent with EETs elevating cAMP [20, 61, 120] . Indeed, EETs can bind to defined low affinity sites, including prostaglandin E (EP2), cannabinoid, TP and dopamine receptors, as well as the fatty acid binding protein peroxisomal proliferator-activated receptor-α, but this occurs at EET concentrations that are significantly higher than those generally required to evoke relaxation, supporting the ability of EETs to regulate vascular tone following their occupation of alternative higher affinity binding sites [29] . Corroborating these data, the combined methodology of photoaffinity labelling with electrophoretic isolation and radioautographic detection using an analogue of 14,15-EET with a photoactive azido group (20-iodo-14, 15-epoxyeicosa-8(Z)-enoyl-3-azidophenylsulfonamide; 20-I-14,15-EE8ZE-APSA) demonstrates the ability of a single 47 kDa protein expressed in vascular cell membranes to bind low nanomolar concentrations of EETs [29] . Consistent with the idea of regioisomer-specific binding sites, 11,12-EET and 14,15-EET potently (IC 50 , 8-11 nM) inhibit photolabelling of the 47 kDa band by 20-I-14,15-EE8ZE-ASPA, but inhibition by 8,9-EET occurs at higher concentrations (IC 50 ,~440 nM), and 14,15-DHET is ineffective [29] . Additionally, functional studies demonstrate the agonist and vasoactive properties of 20-I-14,15-EE8ZE-ASPA that are indistinguishable from applied 14,15-EET, which is indicative of a common binding site [29] . In support of both autocrine and paracrine actions of EETs, this high affinity 47-kDa protein is expressed in both endothelial and smooth muscle membranes of bovine coronary arteries, albeit at higher levels in the latter [29] . While these findings support the existence of an EET receptor (without formally identifying it), it is currently unknown whether multiple regioisomer-specific subtypes exist and, in turn, what their potential regional-and species-specific distribution patterns might be. Indeed, the ability of some vessels to relax to 11,12-EET, but not to 14,15-EET [30, 157] , and the ability of 14,15-EE5ZE-mSl to attenuate responses to 14,15-EET, but not to 11,12-EET [71] , may indicate the presence of multiple subtypes of EET receptor with variable regioisomer selectivity. Of note, it has also been suggested that 14,15-EET may exert its effect via stereo-specific cell surface binding site/s [214] .
In addition to cell surface receptors, EETs have been suggested to activate TRPV4 through an arachidonate recognition sequence located near the intracellular N terminus of this channel protein and thus act as direct agonists, as has already been demonstrated for TRP melastatin type 2 channels [42, 145] . Indeed, 14,15-EEZE attenuates relaxation to all EETs, but 14,15-EE5ZE-mSl only attenuates those evoked by 5,6-EET and 14,15-EET [71, 211] , raising the possibility of EET recognition sites being located within the cell and at the plasmalemma. It is unlikely, however, that EETs share a common binding site with the selective synthetic TRPV4 agonist 4α-phorbol 12,13-didecanoate (4α-PDD), as substitution of tyr555 (located at the N-terminal of the third transmembrane domain) with alanine or deletion of leu584 and trp586 blocks activation by 4α-PDD, but not by hypotonic cell swelling (which activates PLA 2 ), arachidonic acid or 5,6-EET [203, 204] . In rat cerebral artery smooth muscle, the idea that EETs act as direct TRPV4 agonists is supported by the EET-mediated increase in BK Ca activity that occurs secondarily to an increase in TRPV4-dependent Ca 2+ influx and SR ryanodine receptor (RyR) activation, thereby increasing intracellular Ca 2+ release to modulate channel activity (Fig. 1) [42] . Thus, G-protein coupled mechanisms that gate BK Ca following the occupation of a putative EETs receptor/s are unlikely to be a universal mechanism for hyperpolarization and the associated vessel relaxation.
In addition, IP 3 sensitizes TRPV4 to activation by 5,6-EET by evoking a physical interaction between IP 3 R subtype 3 and a specific sequence within the C-terminal of TRPV4 that coincides with its Ca 2+ -calmodulin binding domain [68] . Thus, in the continuous presence of IP 3 , TRPV4 can be activated synergistically by low concentrations (≤1 nM) of 5,6-EET, and therefore eicosanoid activation of TRPV4 can occur even when PLA 2 activity is low [57, 68] . In further support of direct binding of 5,6-EET to TRPV4, PKA has been shown to have a sensitizing action on TRPV4, rather than directly activating the channel [57], as has been demonstrated for TRPC3 and TRPC6 ([61] ; also see Section "Shear stress-evoked, EET-mediated activation of transient receptor potential vanilloid 4 (TRPV4) channels").
The ongoing development of regioisomer-specific EET antagonists will likely clarify the role of individual EET regioisomers. Notably, 14,15-EE5ZE is metabolised within the cell by sEH to its corresponding diol form (i.e. 14,15-DHE5ZE) which alters antagonist activity to one of high selectivity against 14,15-EET [18] . Another antagonist, 20-hydroxy-11,12-epoxyeicosa-8(Z)-enoic acid, markedly attenuates bovine coronary arterial relaxation to 11,12-EET and partially inhibits responses to 14,15-EET, whereas its sEH-derived hydration product, 11,12,20-trihydroxyeicosa-8[Z]-enoic acid, selectively attenuates responses to 11,12-EET, with no effect against other regioisomers [19] . It is currently unknown whether these latter two antagonists are cell-permeable and, thus, whether they can act as antagonists of purported intracellular recognition sites. Selective antagonists for 5,6-EET (the most potent and efficacious agonist of TRPV4) and 8,9-EET are still to be developed.
Conclusions
In several vascular beds, the endothelial cells produce EETs in response to in vivo stimuli, including cyclic stretch and shear stress [59, 123] , which is indicative of their physiological role in vasodilation. This review supports the hypothesis that endothelium-derived EETs act as integral modulators of myoendothelial microdomain signalling components, which underlie EDH activity in a potentially universal manner. Indeed, these autocrine actions of EETs may be of significant physiological relevance over their apparent classic action as a transferable EDHF [20, 54] , where such activity masked the direct EETs-mediated smooth muscle hyperpolarization in vessels where myoendothelial gap junction Cxs are a critical facilitating mechanism [34, 55, 174] .
The role of microdomain signalling at putative MECC sites in murine mesenteric arteries is highlighted by the activity of Ca 2+ 'pulsars' and 'sparklets' following IP 3 R and TRPV4 activation, respectively, that is associated with IK Ca activation and endothelium-dependent vasodilation [117, 186] . Thus, in a similar manner to the localized Cx-ER-IP 3 R-IK Ca -TRPC3 myoendothelial microdomain signalling in rat mesenteric artery [179] and, potentially, at a similar complex associated with TRPV4 in rat cremaster arterioles [4, 136] , such spatially restricted activity plays an integral role in the activation of TRPV4 by endogenous EETs as well as other TRP channel subtypes that are activated by EETs, such as TRPC3 and TRPC6. However, it is currently unknown whether the major endothelial EET-synthesizing epoxygenases (i.e. CYPs 2C and 2J) are preferentially expressed at MECCs, where they could, in theory, optimize the biological role of EETs at such sites. Notably, putative high affinity EET receptors have yet to be formally identified; although evidence that candidate receptor proteins display regioisomer-selective binding and affinity [29] is potentially indicative of the existence of such multiple receptor isoforms. Tissue-specific variation in expression and distribution of such receptors would thus be expected to contribute to the functional plasticity proposed for myoendothelial microdomain signalling (except perhaps for TRPV4, for which EETs are proposed as endogenous ligands) and reflected by characteristic heterogeneity in EDH-mediated activity. In addition, the ability of EETs to potentiate intercellular coupling between neighbouring endothelial cells [160] is suggestive of their potential role in promoting low-resistance longitudinal propagation of hyperpolarization along the endothelium over distance as well as their potential to amplify the radial spread of endothelial hyperpolarization into the vessel wall via myoendothelial Cxs. Furthermore, whether sEH inhibitors increase the biological role of EETs as regulators of myoendothelial microdomain signalling remains to be elucidated. Indeed, pharmacological enhancement of the bioavailability of EETs through sEH inhibition is currently being investigated with a view not only to improve endothelial function but to also enhance vasculoprotection potentially against a range of cardiovascular disease states (for review, see [144] ).
Future studies will also provide a focus on the potential ability of EETs to activate other endothelial TRP channel subtypes and microdomain components. Notably, recent studies of dorsal root ganglion neurones have demonstrated that nanomolar concentrations of 5,6-EET activate TRP ankyrin 1 channels (TRPA1) [182] . Indeed, the suggested density of TRPA1 at IEL holes as potential myoendothelial contact sites in rat cerebral arteries may be associated with their activation and role in endothelium-dependent dilation ([40] ; see also [39] for review). In addition, a functional association (and therefore a potential spatial interaction) between TRPC3 and IP 3 R has been reported in cultured bovine pulmonary artery endothelial cells [107] and in isolated smooth muscle cells of rabbit coronary and rat cerebral artery [2, 154] . In uterine arterial endothelial cells, such an interaction is increased in pregnancy without alteration in the expression of either TRPC3 or IP 3 , but is associated with increased expression of cPLA 2 and Cx43 activities [216] . However, whether the increased density of an EET-TRPC3-IP 3 R-driven myoendothelial microdomain signalling complex underpins augmented dilator responses in pregnancy remains to be determined.
The differential distribution, expression and activity of microdomain components are proposed to contribute to the apparent diversity of EDH mechanisms within and between vascular beds, species, ageing, development and disease. The EETs-mediated microdomain hypothesis is consistent with a role for these epoxides and K + as being integral for EDH-dependent vasodilation in the sense that where EETs are an apparent transferable EDHF, their interaction with the receptor and channel subtypes and their associated signalling mechanisms and Ca 2+ stores may facilitate EDH-dependent microdomain signalling, contributing to a putative universal EDH mechanism. The differential expression, distribution and function of myoendothelial microdomain components in different arteries represent potentially selective targets for modulating artery function in a specific manner. 
